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LOGGING TOOL INDUCTION COIL FORM 

BACKGROUND OF THE INVENTION 

This invention relates generally to logging tools and more 
particularly to a logging tool induction coil form having a 
coating layer formed thereon, Which comprises a material 
more easily formed to tight tolerances than silicon nitride. 

Measurements from induction logging tools used in oil 
and gas Well data logging applications are very sensitive to 
changes in the position or the diameter of either the receiver 
or transmitter coils. Ideally, during logging the receiver and 
transmitter coils do not move relative to one another. Fur 

thermore, ideally, the diameters of the respective coils do not 
vary during logging. Appropriate material selection has been 
the approach to control the movement component associated 
With changes in the diameter of the tool. More speci?cally, 
materials have been selected, Which cause the dimensions of 
all the parts of the induction tool to vary as little as possible 
even as the temperature of the tool varies in a Wide range that 
can go from —400 F. during calibration to as high as 500° F. 
in the deepest Wells. To reduce dimensional changes due to 
thermal expansion, loW thermal expansion materials are 
normally used. The exceptionally loW thermal expansion 
coef?cient of silicon nitride and its good resistance to 
fracture make this material the common choice to reduce the 
axial movement due to thermal expansion. 

The precise axial position of the receiver and transmitter 
coils on the induction coil form is also critical in obtaining 
accurate measurements. To ensure correct placement of the 
coils on the induction coil form, grooves are machined into 
the outer surface of the form. HoWever, silicon nitride is a 
very hard material that needs to be ground to very tight 
tolerances so as to achieve the desired electromagnetic 
response of the instrument. Thus, the cost of precision 
grinding the induction coil form is high and constitutes the 
largest part of the cost of the ?nished product. None of the 
prior solutions have offered a cost e?icient Way to grind the 
grooves onto the outer surface of silicon nitride induction 
coil forms. 

SUMMARY OF THE INVENTION 

The present invention is directed to a logging tool induc 
tion coil form and method of making same that overcomes 
or at least minimiZes many of the draWbacks of prior art 
logging induction forms. 

In one aspect, the present invention is directed to a 
logging tool comprising an induction coil form having a 
ceramic holloW cylindrical core having an outer surface; and 
a layer bonded to at least a portion of the outer surface of the 
ceramic holloW cylindrical core, Which is formed of a 
material that is more easily formed to very tight tolerances, 
e.g., 0.0005 inches or less, than silicon nitride. The ceramic 
holloW cylindrical core is formed of silicon nitride or sialon 
and the outer layer may be made of a thermoplastic, e.g., 
polyetheretherketone (“PEEK”), an epoxy, a glass-?lled 
epoxy, a poWdered ceramic or any mixture thereof that can 
bond to ceramic and can be formed Without grinding. Also, 
a plurality of parallel circumferential grooves are machined 
into the outer layer. Alternatively, a single helical groove or 
other geometrically shaped Winding groove is formed into 
the outer layer. An induction coil Wire is Wrapped around the 
ceramic holloW cylindrical core and held in place by the 
plurality of parallel circumferential grooves. In one embodi 
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2 
ment, the induction coil form and associated induction coil 
Wire form a transmitter and in another embodiment they 
form a receiver. 

In another aspect, the present invention is directed to a 
method for making a ceramic induction coil form having a 
machinable outer surface for use in a logging tool, compris 
ing the steps of: forming a ceramic holloW cylindrical core 
having an outer surface; and bonding a coating layer com 
prising a material more easily formed to tight tolerances than 
silicon nitride to the outer surface of the ceramic holloW 
cylindrical core. The method further comprises the step of 
grinding the outer surface of the ceramic holloW cylindrical 
core until it has a desired outer diameter Within a desired 
tolerance, Which in a certain embodiment is very tight, e.g., 
about 0.001 inches or less. The grinding step is performed 
after the ceramic holloW cylindrical core has been fabri 
cated, but before the coating layer is bonded to its outer 
surface. 
The method further comprises the step of machining the 

coating layer so as to form a plurality of parallel circum 
ferential grooves or a single vertical groove around the outer 
surface of the ceramic holloW cylindrical core. In one 
embodiment, the parallel circumferential grooves, or single 
vertical groove, are machined to the point Where portions of 
the outer layer of the ceramic holloW cylindrical core 
initially covered by the coating layer are exposed. The 
grooves may be formed either by using any number of 
machining techniques, including, e.g., mechanical grinding, 
chemical or electromagnetic etching or by using any number 
of casting techniques including, e.g., by injection or com 
pression molding. 
The features and advantages of the present invention Will 

be readily apparent to those skilled in the art upon a reading 
of the description of the exemplary embodiments, Which 
folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present disclosure 
and advantages thereof may be acquired by referring to the 
folloWing description taken in conjunction With the accom 
panying draWing, Wherein: 

FIG. 1 is a How chart illustrating the steps in the process 
of manufacturing the induction coil form in accordance With 
the present invention. 

FIG. 2 illustrates a logging induction tool in accordance 
With the present invention shoWn disposed Within a Well 
bore. 

FIG. 3 is a schematic diagram of one embodiment of an 
induction coil form having a coating outer layer in accor 
dance With the present invention. 

FIG. 3A is an enlarged vieW of the section of the induction 
coil form shoWn in FIG. 3 contained Within the dashed circle 
labeled 3A. 

FIG. 4 is a schematic diagram of another embodiment of 
an induction coil form having a coating outer layer in 
accordance With the present invention. 

FIG. 4A is an enlarged vieW of the section of the induction 
coil form shoWn in FIG. 4 contained Within the dashed circle 
labeled 4A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The details of the present invention Will noW be described 
With reference to the ?gures. Turning to FIG. 1, a How chart 
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illustrates the steps carried out in forming the induction tool 
coil form in accordance With the present invention. 

In step 100, the manufacturing process is initiated. In step 
110, a ceramic holloW cylindrical core is fabricated. In one 
embodiment, the ceramic holloW cylindrical core is made of 
silicon nitride. As those of ordinary skill in the art Will 
appreciate, other suitable materials may be used to form the 
ceramic holloW cylindrical core, including, e.g., sialon, and 
the core may be formed into other shapes. Indeed, virtually 
any shape that Will ?t Within the Well bore and support an 
antenna can be used. In one certain embodiment, the mate 
rial used to make the ceramic holloW cylindrical core has a 
thermal expansion coef?cient of less than about l.8><l0_6 per 
° F. in a temperature range of beloW 0° F. to about 1400° F. 
In another certain embodiment, the material used to make 
the ceramic holloW cylindrical core has a thermal expansion 
coef?cient of less than about l.6><l0_6 per ° F. in a tempera 
ture range of beloW 0° F. to about 750° F. 

In step 120, the outer circumferential surface of the 
induction coil form is ground to the desired outer diameter 
Within a very tight tolerance. In step 130, a coating is applied 
to the outer circumferential surface of the ceramic holloW 
cylindrical core so as to form a layer bonded thereon. In one 
certain embodiment, the coating layer is formed to about 0.1 
inches. The coating layer may be formed of any material, 
Which bonds Well to ceramic and Which is more easily 
formed to precise tolerances than silicon nitride. In one 
particular embodiment, the coating material forms a bond 
With the ceramic core that can Withstand temperature cycling 
that can range from beloW 0° F. to about 500° F. and pressure 
cycling from atmospheric pressure to about 30 ksi. 

Examples of materials that can be used to form the coating 
layer include, but are by no means limited to, a Wide range 
of thermoplastic materials, e.g., polyetheretherketone 
(PEEK), epoxies, glass-?lled epoxies, poWdered ceramics or 
any combination thereof. One particular PEEK material that 
could be used is Arlon® 2000 coating supplied by Greene, 
TWeed & Co. 

The coating material is coated on the induction coil form 
using knoWn coating techniques. After the coating material 
has been coated on the outer circumferential surface of the 
ceramic holloW cylindrical core it must be alloWed to cure. 
As those of ordinary skill in the art Will recogniZe, the curing 
time and conditions is dependent upon the precise material 
used. 

In step 140, the coating layer is machined to generate a 
plurality of parallel circumferential grooves or a single 
vertical groove on the outer circumferential surface of the 
part. In one particular embodiment, the base diameter of the 
underlying ceramic core is used to control the root diameter 
of the grooves. In other Words, in this embodiment the 
grooves are machined doWn to the point Where the ceramic 
outer circumferential surface of the ceramic holloW cylin 
drical core is exposed. An advantage of this approach is that 
the depth of the root diameter can be easily controlled. This 
technique enables the induction coil Wire to be very pre 
cisely placed on the outer circumferential surface of the 
ceramic holloW cylindrical core in the radial direction. 
HoWever, because very precise machining techniques are 
available and coils are not likely to move radially if a certain 
thickness of the coating layer is alloWed to remain over the 
ceramic core beneath the grooves, in another embodiment 
the parallel circumferential grooves are not machined com 
pletely doWn to the ceramic core. In one example, a certain 
thickness of the coating layer remains on the ceramic core 
beneath the bottom of the parallel circumferential grooves. 
As those of ordinary skill in the art Will appreciate, any 

one of a number of techniques may be employed to form the 
grooves in the coating layer and such techniques Will depend 
upon the exact material selected. 
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4 
In step 150, the induction coil is Wrapped around the 

induction coil form in the grooves. The induction coil form 
is then ready to be used as a transmitter or receiver in the 
induction logging tool. In one embodiment, the induction 
coil is a copper Wire covered by a layer of insulation. As 
those of ordinary skill in the art Will appreciate, additional 
insulated conductive materials can be employed, including 
molybdenum. In step 160, the manufacturing process is 
ended. 

EXAMPLE 

An induction coil form in accordance With the above 
described method Was prepared. It Was formed having a 
ceramic core fabricated of sialon and poWder coated With 
0.06 inches of PEEK, in particular Arlon® 1000. The PEEK 
layer Was cured for 5 hours at 500° F. and 25 ksi. Later tests 
Were then conducted on the induction coil form. The tests 
demonstrated that the bonding betWeen the PEEK outer 
coating and the ceramic core Was able to Withstand tem 
perature cycling in the range from 70° F. to 500° F. and 
pressure cycling from 0 to 25 ksi. These tests prove that the 
bonding Will be able to Withstand the temperature and 
pressure cycling typically encountered in logging applica 
tions. 

Advantages of the neW manufacturing method include a 
drastically reduced cost and increased uniformity of the root 
diameter of the parallel circumferential grooves machined 
one by one. The cost reduction is attributable to the fact that 
PEEK is much more easy to form than silicon nitride. In 
particular, it does not require any special machining tools as 
is the case With ceramic. 

Turning to FIG. 3, one exemplary embodiment of the 
induction coil form according to the present invention is 
shoWn generally by reference numeral 300. The induction 
coil form 300 comprises a holloW cylinder 310 that forms 
the inner ceramic core of the form. The holloW inside is 
provided for accommodating electrical and measurement 
cables (not shoWn) that link the induction tool to operations 
at the surface. A coating layer 320 is shoWn bonded to the 
outer circumferential surface of the holloW cylinder 310. 
The coating layer 320 is formed of a material, Which is more 
easily machined to tight tolerances than silicon nitride. A 
plurality of parallel circumferential grooves 330 are formed 
Within the coating layer 320. In this embodiment, the 
parallel circumferential grooves 330 have been machined to 
the point that the root diameter extends to the outer surface 
of the ceramic holloW cylindrical core 310, as shoWn in FIG. 
3A. More speci?cally, the outer surface of the ceramic 
holloW cylindrical core 310 is exposed at the bottom of the 
parallel circumferential grooves. The entire outer circum 
ferential surface of the holloW cylinder 310 is coated With 
the coating layer, except for a longitudinal generally trough 
shaped groove 340 that is formed Within the outer surface of 
the holloW cylinder, and assists in Winding the coil perpen 
dicular to the center axis of the cylinder 310. As those of 
ordinary skill in the art Will appreciate, hoWever, less than 
the entire surface of the holloW cylinder 310 needs to be 
coated With the coating layer 320 to carry out the present 
invention. For example, the coating layer 320 need only be 
applied in the region Where the grooves 330 are to be 
formed. In an alternate embodiment, the coating layer 320 
can be selectively applied to the outer circumferential sur 
face of the holloW cylinder 310 so as to form the grooves 
330. 

Another embodiment of the induction coil form according 
to the present invention is shoWn in FIG. 4 generally by 
reference numeral 400. The induction coil form 400 is 
similar to induction coil form 300 in that it comprises a 
holloW cylinder 410 that forms the inner ceramic core. Like 
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With the hollow cylinder 310, the hollow inside of the 
cylinder 410 accommodates the electrical and measurement 
cables (not shoWn) that carry signals to the surface. The 
induction coil form 410 is also formed With a longitudinal 
generally trough-shaped groove 440, Which has the same 
function as trough-shaped groove 340. A coating layer 420 
is applied to the outer circumferential surface of the ceramic 
holloW cylindrical core 410 in much the same Way that layer 
320 is applied to the ceramic holloW cylindrical core 310. 
The coating layer 420 further comprises a plurality of 
parallel circumferential grooves 430 formed around its outer 
surface. The primary difference betWeen the tWo embodi 
ments is that the grooves 430 do not have root diameters that 
extend all the Way doWn to the outer surface of the ceramic 
holloW cylindrical core 410, as is the case With the grooves 
330. In other Words, none of the ceramic material is exposed 
at the bottom of the grooves. Because the thickness of the 
coating layer, e.g., PEEK, is so small the dimensional 
change due to thermal expansion is negligible. Thus, it is 
acceptable to leave a certain amount of coating on the 
surface of the ceramic holloW cylindrical core 410. That is, 
it has no effect on the accuracy of the equipment. Also, 
because PEEK, e.g., is easy to machine, the parallel circum 
ferential grooves 430 can be machined to a precise depth. 

FIG. 2 illustrates three induction coil forms in accordance 
With the present invention incorporated into a logging tool 
200. Induction coil forms 210 are used as transmitters and 
induction coil form 220 is used as a receiver. HoWever, as 
those of ordinary skill in the art Will recogniZe, the number 
of transmitters and receivers is entirely dependent on the 
application and Will vary. The number of such devices 
illustrated herein is merely for exemplary purposes. It 
should also be evident to persons of ordinary skill in the art 
that the present invention is particularly Well-suited for 
applications requiring short transmitter-receiver spacing, 
e.g., 18 inches or less, and for preparing geometric variants 
to coils. 

Therefore, the present invention is Well-adapted to carry 
out the objects and attain the ends and advantages mentioned 
as Well as those Which are inherent therein. While the 
invention has been depicted, described, and is de?ned by 
reference to exemplary embodiments of the invention, such 
a reference does not imply a limitation on the invention, and 
no such limitation is to be inferred. The invention is capable 
of considerable modi?cation, alteration, and equivalents in 
form and function, as Will occur to those ordinarily skilled 
in the pertinent arts and having the bene?t of this disclosure. 
The depicted and described embodiments of the invention 
are exemplary only, and are not exhaustive of the scope of 
the invention. Consequently, the invention is intended to be 
limited only by the spirit and scope of the appended claims, 
giving full cogniZance to equivalents in all respects. 
What is claimed is: 
1. An induction coil form comprising: 
a ceramic core having an outer surface; and 
a coating layer bonded to at least a portion of the outer 

surface of the ceramic core, Which is formed of a 
material more easily formed to precise tolerances than 
silicon nitride Wherein a plurality of grooves are 
formed into the coating layer. 

2. The induction coil form of claim 1, Wherein the ceramic 
core is cylindrical in shape and formed of a material selected 
from the group consisting of silicon nitride and sialon. 

3. The induction coil form of claim 1, Wherein the coating 
layer comprises a material selected from the group consist 
ing of a thermoplastic, an epoxy, a glass-?lled epoxy, and a 
poWdered ceramic. 

4. The induction coil form of claim 1, Wherein the coating 
layer comprises PEEK. 
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6 
5. The induction coil form of claim 1, Wherein a single 

helical groove is formed into the coating layer. 
6. The induction coil form of claim 1, further comprising 

an induction coil Wrapped around the ceramic core. 

7. The induction coil form of claim 1, Wherein the ceramic 
core has a thermal expansion coef?cient of less than about 
1.8><10_6 per ° F. in a temperature range of beloW 0° F. to 
about 1400° F. 

8. The induction coil form of claim 1, Wherein the coating 
layer remains bonded to the ceramic core in a temperature 
range of beloW 0° F. to about 500° F. 

9. The induction coil form of claim 1, Wherein the bond 
betWeen the coating layer and the ceramic core can With 
stand temperature cycling in the range from beloW 0° F. to 
about 500° F. and pressure cycling from atmospheric pres 
sure to about 30 ksi. 

10. The induction coil form of claim 9, Wherein the bond 
betWeen the coating layer and the ceramic cylindrical core 
can Withstand temperature cycling in the range from 70° F. 
to 500° F. and pressure cycling from 0 to 25 ksi. 

11. An induction coil form comprising: 
a ceramic core having an outer surface; and 

a coating layer bonded to at least a portion of the outer 
surface of the ceramic core, Which is formed of a 
material more easily formed to precise tolerances than 
silicon nitride Wherein the ceramic core has a thermal 
expansion coef?cient of less than about 1.8><10_6 per ° 
F. in a temperature range of beloW 0° F. to about 1400° 
F. 

12. The induction coil form of claim 11, Wherein the 
ceramic core is cylindrical in shape and formed of a material 
selected from the group consisting of silicon nitride and 
sialon. 

13. The induction coil form of claim 11, Wherein the 
coating layer comprises a material selected from the group 
consisting of a thermoplastic, an epoxy, a glass-?lled epoxy, 
and a poWdered ceramic. 

14. The induction coil form of claim 11, Wherein the 
coating layer comprises PEEK. 

15. The induction coil form of claim 11, Wherein a 
plurality of grooves are formed into the coating layer. 

16. The induction coil form of claim 11, Wherein a single 
helical groove is formed into the coating layer. 

17. The induction coil form of claim 11, further compris 
ing an induction coil Wrapped around the ceramic core. 

18. The induction coil form of claim 11 Wherein the 
ceramic core has a thermal expansion coef?cient of less than 
about 1.6><10_6 per ° F. in a temperature range of beloW 0° 
F. to about 750° F. 

19. The induction coil form of claim 11, Wherein the 
coating layer remains bonded to the ceramic core in a 
temperature range of beloW 0° F. to about 500° F. 

20. The induction coil form of claim 11, Wherein the bond 
betWeen the coating layer and the ceramic core can With 
stand temperature cycling in the range from beloW 0° F. to 
about 500° F. and pressure cycling from atmospheric pres 
sure to about 30 ksi. 

21. The induction coil form of claim 20, Wherein the bond 
betWeen the coating layer and the ceramic cylindrical core 
can Withstand temperature cycling in the range from 70° F. 
to 500° F. and pressure cycling from 0 to 25 ksi. 


